Six cats (Nos. 1-6) were inoculated intramuscularly with (1 x lo6) and orally ( 5 x lo5) tachyzoites of Neospora caninum. Three (Nos. 1-3) of the six cats were given 40 mg/kg methylprednisolone acetate 7 days before and on the day of inoculation with N. caninum tachyzoites, and three cats (Nos. 4-6) were not given methylprednisolone acetate. Two of the cats (cat Nos. 1 and 2) given methylprednisolone acetate died suddenly. Cat No. 1 died 8 days post-inoculation, and cat No. 2 died 16 days post-inoculation. Cat No. 3 was euthanatized 2 1 days post-inoculation. Cat No. 1 had lesions of gram-positive bacterial septicemia. Necrotizing encephalitis, myelitis, disseminated skeletal muscle necrosis, hepatic necrosis, interstitial pneumonia, and renal tubular necrosis were the main lesions in cat Nos. 2 and 3. The cats that were not given methylprednisolone acetate remained clinically normal except for slight weight loss in cat No. 6. All three of these cats were euthanatized 55 days post-inoculation. Mild myositis and encephalitis were noted on microscopic examination of tissues from these three cats. Neuromuscular lesions were not seen in six control cats (Nos. 7-12) not inoculated with N. caninum and euthanatized 2 1 or 22 days after administration of the first of two doses of methylprednisolone acetate (40 mg/kg), given at a weekly interval.
Neospora caninum is a newly described protozoan parasite of dogs and other animals. It can cause myositis and encephalomyelitis in animals. 1,3,6 Canine neosporosis has existed in the United States for more than 20 years, but has been misdiagnosed as to~oplasmosis.~ Neither the life cycle nor source of infection of N. caninum is known. Tachyzoites and tissue cysts are the only developmental stages known, and they resemble those of Toxoplasma gondii.1-3 The only known mode of natural infection is tran~placental.~ Because cats can act as reservoir host of T. gondii, we suspected that cats might also be reservoir hosts for N. caninum. Some cases of neosporosis in cats probably are misdiagnosed as toxoplasmosis. We wanted to characterize lesions of feline neosporosis to aid in its diagnosis and to study endogenous development of N. caninum in cats.
Materials and Methods
Six, age-matched, 84-day-old, male and female, littermate cats (Nos. [1] [2] [3] [4] [5] [6] were each intramuscularly inoculated with 1 x lo6 N. caninum tachyzoites and orally inoculated with 5
x 1 O5 tachyzoites. Another six age-matched cats (Nos. 7-1 2) were used as uninoculated controls. The tachyzoites were obtained from infected bovine monocyte cell cultures. 8 The cats were from the colony at the Beltsville Agricultural Research Center. They were born and raised indoors and only fed dry, pelleted, commercial cat food. Cats were housed individually, and their fecal samples were collected daily for 3 weeks post-inoculation and examined for coccidian oocysts. Cat Nos. 1-3 were given 40 mg/kg of methylprednisolone acetate (Med-Tech Inc., Elwood, KS) intramuscularly 7 days before and on the day of inoculation with N. caninum tachyzoites. This dosage of methylprednisolone acetate was selected based on results of reactivation of toxoplasmosis in cats.5 Cat Nos. 4-6 were not given methylprednisolone acetate. Blood was collected from each cat 7 days before inoculation and at weekly intervals thereafter until the experiment ended on day 55. Sera were examined for antibodies to T. gondii by the agglutination test.4 Cats were considered seronegative if antibodies were not found in 1 : 10 dilution of serum. Control cat Nos. 7-12 were given two injections of methylprednisolone acetate (40 mg/kg) at weekly intervals and euthanatized 2 1 or 22 days after the first administration of methylprednisolone acetate.
The experiment was terminated 55 days post-inoculation, and all surviving cats were euthanatized and necropsied. Portions of brain, spinal cord, eyes, heart, lungs, thymus, diaphragm, tongue, liver, gallbladder, urinary bladder, skin, spleen, pancreas, hepatic and mesenteric lymph nodes, intestines, stomach, esophagus, trachea, kidneys, adrenal glands, and skeletal muscles from the abdomen, back, scapula, head, and all four limbs were fixed in 10% neutral buffered formalin. Paraffin embedded tissues were cut at 5 pm, stained with hematoxylin and eosin, or Gram stain or periodic acid-Schiff hematoxylin and examined microscopically. 335
Results
Of the three cats (Nos. 1-3) given methylprednisolone acetate, cat No. 1 was diarrheic 7 days after inoculation and died the next day. Cat No. 2 died suddenly 16 days after inoculation, and cat No. 3 was euthanatized 21 days after inoculation. No gross lesions were seen in cat No. 1. The lungs of cat Nos. 2 and 3 were edematous and congested. The lungs of cat No. 3 had focal 1-2 mm whitish, discolored areas. Numerous white streaks, up to 5 mm long, were seen in virtually all skeletal muscles of cat No. 3.
Cat No. 1 had microscopic septicemic lesions consisting of colonies of Gram-positive cocci within glomerular capillaries and splenic sinuses with minimal associated inflammation and necrosis. Within the myocardium, similar bacterial colonies were surrounded by necrotic myocardial fibers.
The lesions in cat No. 2 were in the central nervous system, liver, lungs, spleen, adrenal glands, kidneys, and skeletal muscles. In gray and white matter of the brain, there were multifocal areas of necrosis ranging from 50 pm to 1 mm in diameter ( Fig. 1 ). These foci were characterized by disruption and pallor of the neuropil, pyknotic and karyorrhectic nuclear debris, and small numbers of neutrophils and macrophages. Hemorrhages were often present in these areas. Within the surrounding neuropil were modest numbers of neutrophils, macrophages, and lymphocytes. Neutrophils, macrophages, and lymphocytes were present in the walls of blood vessels adjacent to the necrotic foci. There was hypertrophy and hyperplasia of endothelial cells.
Some vessel walls were necrotic. Numerous N. caninum tachyzoites were seen in unidentified cells and vascular endothelial cells. They were also extracellular ( Fig. 2 ). Occasional glial nodules were present in gray and white matter of brain and spinal cord. Scattered lymphocytes were present in a few spinal nerves and ganglia.
Throughout the liver there were numerous, random, multifocal areas of hepatocellular necrosis with hemorrhage and a few neutrophils admixed. The necrosis was predominantly lytic, with less coagulative necrosis. Numerous extracellular tachyzoites were seen in necrotic and adjacent normal tissue. In the spleen, there were many foci of reticuloendothelial cell necrosis. Phlebitis, similar to the vasculitis described in the brain, was noted and frequently involved trabecular veins. Numerous tachyzoites were present in reticuloendothelial cells and endothelial cells, as well as extracellularly. Moderate lymphoid depletion was evident. A focus of necrosis and hemorrhage with extracellular tachyzoites was present in the adrenal cortex ( Fig. 3) . Diffuse interstitial pneumonia was present. Alveolar septa were moderately thickened by edema, fibrin, neu-trophils, lymphocytes, and macrophages. Proteinaceous fluid, fibrin and macrophages with microvacuolated cytoplasm were present in alveolar spaces. Renal lesions consisted of scattered areas of tubular epithelial necrosis and a circumscribed area of fibroblastic proliferation. Numerous tachyzoites were seen in proximal and distal tubular epithelial cells. In skeletal muscle, there were foci of necrotic myofibers and minimal infiltrates of lymphocytes and macrophages. The thymus was atrophied.
In cat No. 3, microscopic changes were seen in skeletal muscles, heart, liver, hepatic lymph node, lungs, eyes, and the central nervous system. Lesions in skeletal muscles were striking and were present in all muscles sampled. There were multifocal to focally extensive areas of myofiber degeneration, necrosis, and mineralization. Proliferation of satellite cells and rowing of nuclei within the centers of myofibers were noted and interpreted as evidence of regeneration. Necrotic myofibers were surrounded by macrophages with fewer neutrophils, lymphocytes, plasma cells, and eosinophils. Tachyzoites were commonly found in areas of necrosis. Frequently, large clusters of tachyzoites were found within myofibers with little or no host response evident ( Figs. 4-6 ). In the liver, there were scattered foci of hepatocellular necrosis as described in cat No. 2. Only a few tachyzoites were seen. Additionally, small numbers of lymphocytes, plasma cells, macrophages, and neutrophils were present in the portal areas and were scattered in the parenchyma. The hepatic lymph node was edematous and had sinus histiocytosis. The grossly visible whitish areas in the lungs were due to multifocal interstitial pneumonia. Alveolar septa were moderately thickened by macrophages, neutrophils, lymphocytes, and often by hyperplasia of type I1 pneumocytes. Foci of necrosis were noted in septa1 walls and bronchiolar epithelium; few tachyzoites were present in these areas. Myocardial changes consisted of necrosis of small groups of myocardial fibers and infiltrates of lymphocytes and macrophages. Mineralization was infrequent. Tachyzoites were present in myocardial fibers. A small area of necrosis and hemorrhage was present in the retina of one eye, but no organisms were identified. Necrosis associated with N. caninurn tachyzoites was multifocal in esophageal smooth muscle.
Microscopic changes of necrosis, vasculitis, hemorrhage, and glial nodules similar to those seen in cat No. 2 were observed in the central nervous system of cat No. 3 . Phlebitis, sometimes necrotizing, was common in splenic trabecular veins. In the kidneys, there were scattered areas of necrosis of tubular epithelium and interstitial aggregates of lymphocytes, plasma cells, and macrophages. Tubules with regenerative changes were common. Tachyzoites were seen rarely in tubular Fig. 7 . Note that the cyst walls are thicker is present in a normal myofiber at the periphery of the lesion. HE. cortex and two Neospora caninum tissue cysts (arrows). HE. than the diameter of the bradyzoites. HE. epithelium. In the pancreas, there were many multifocal areas of necrosis of acinar cells attended by macrophages and neutrophils; a few tachyzoites were seen in necrotic areas. The thymus was atrophied.
Of the three cats not given methylprednisolone acetate and inoculated with N. caninum, cat No. 6 began to lose weight but otherwise appeared normal. All three cats were euthanatized 55 days after inoculation. No gross lesions were seen.
Microscopic changes were seen in the skeletal muscles, kidneys, and cerebrum of cat No. 6. Myositis consisted of scattered infiltrations of lymphocytes, macrophages, and plasma cells in virtually all skeletal muscles including tongue; tachyzoites were not seen. Renal changes consisted of a few interstitial aggregates of macrophages, plasma cells, and lymphocytes in the cortex. Encephalitis was characterized by mild to moderate perivascular infiltrations of lymphocytes, macrophages, and plasma cells and glial cells ( Fig. 7) . Six N. caninum tissue cysts were seen in one section of cerebrum ( Fig. 8 ). Because a cyst wall was present and it was thicker than the width of the enclosed bradyzoites, tissue cysts were distinguished from clusters of tachyzoites. Tissue cysts of T. gondii have walls that are always thinner than those of the enclosed bradyzoites.
Myositis, similar to that in cat No. 6, was seen in cat Nos. 4 and 5. No other lesions were seen in these two cats.
In control cats given methylprednisolone acetate, lesions were confined to the liver and lymph nodes. There was generalized lymphoid depletion. The hepatocytes were diffusely vacuolated.
None of the cats shed coccidial oocysts in their feces. None of the cats had agglutinating antibodies to T. gondii in 1 : 10 dilution of serum.
Discussion
Results of this study demonstrate that N. caninum can produce lesions in immunocompetent cats and that the disease is more severe in cats given corticosteroids. Relatively mild lesions occurred in immunocompetent cats, whereas cats given methylprednisolone acetate had moderate to severe lesions. Encephalomyelitis and disseminated skeletal muscle necrosis seen in two of three cats given methylprednisolone acetate were similar to lesions in naturally infected dog^,^,^ except that disease was more severe.
In the present study, cats were inoculated both orally and intramuscularly because the natural route of infection with N. cadnum is not known. The life cycle and pathogenesis of N. caninum infection are also not known. Neospora caninurn infects many types of cells. The high number of organisms seen in histologic sections suggests that host cells are destroyed by active multiplication of tachyzoites. In this study, tissue cysts were seen only in the brain. Thus in all hosts studied including dogs, sheep, cattle, and mice, N. caninurn tissue cysts have only been seen in the brain and spinal cord.'
Results of this study also demonstrate that lesions due to N. caninum infection in cats are morphologically similar to those of feline toxoplasmosis. Because by light microscopy N. caninum tachyzoites structurally resemble T. gondii tachyzoites, a definitive diagnosis requires confirmation by serologic and/or immunohistochemical method^,^ or by ultrastructural examination of the parasite^.^ Tissue cysts of N. caninum are rarely found but can be distinguished by light microscopy from tissue cysts of T. gondii.
